ABSTRACT
INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common malignancies with high morbidity and mortality worldwide [1] , particularly in China [2] . The number of Chinese HCC patients account for > 50% of HCC-associated death at the global level [1, 3, 4] . Chronic hepatitis B (CHB) infection is the most highly linked with HCC worldwide [5] , although other hepatic injuries also contribute to development of HCC, including HCV infection, alcoholic or fatty liver disease, or smoking [6] . CHB-related HCC patients accounted for ~80% in HCC patients in China [7] , due to a high prevalence of HBV infection [8] , which has attracted extensive attention in medical practitioners and policy makers in China.
The viral load in circulating serum of CHB patients is a key predictor of cirrhosis risk, as it has been demonstrated that there is close correlation between viral load and progression to cirrhosis [9] . Persistent replication of HBV and high plasma HBV DNA concentrations in CHB patients contributes to uncontrollable progression of cirrhosis, eventually resulting in CHB-related HCC and liver-related death [9] [10] [11] . It has been demonstrated that high level of HBV viral load in CHB patients is a critical
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risk factor for the progression of HCC [12] . Thus, treatment for CHB aims to suppress viral proliferation, leading to reduce liver fibrosis and preventing hepatic decomposition and/or HCC [13] . It has been demonstrated that nucleos(t) ide analogues (NAs) are highly effective in the suppression circulating viral loads, but rarely eliminate the virus over the last ten years [14] . Single-hospital based studies found that long-term NAs treatment reduces substantially the HCC risk in CHB patients, compare to that of NA-naive patients [14] [15] [16] [17] . However, more than 70% of HCCs patients were not eligible for surgical resection, due to tumor progression and/or underlying advanced liver cirrhosis at the time of diagnosis of HCC [5] .
It has been reported that NAs improve overall survival of CHB-related HCC patients treated with sorafenib (chemotherapy), especially in patients with BCLC stage C and high HBV-DNA level [18] . Furthermore, NAs also extend the survival time in CHBrelated HCC patients following curative resection [18, 19] . Early anti-viral intervention reduces HCC development in CHB patients, as well as minimizes HCC recurrence following resection HCC in combination with adjuvant in these patients with a high HBV-DNA level [20] . Therefore the data above suggests that there is significant benefit of NAs in reducing progression of HCC in CHB patients.
However, there are still a relatively large number of CHB patients developed HCC, despite NAs reduce the risk of the overall mortality of HCC. The aim of the current study was to explore if there is reverse correlation between NAs and severity of HCC, including differentiation and progression in CHB patients.
RESULTS

The characteristics of 532 patients
Total 532 final identified CHB-related HCC patients were divided into NAs treated (n = 118) and NA naïve (n = 414) groups (Table 1 ). The mean age of NAs treated or NAs naïve group was 55 or 52, respectively, at baseline. Male versus female were 370 vs 44 or 101 vs 17 in NAs naïve or in NAs treated group, respectively. The percentage of males and females were 88.5% and 11.5%. There were 55 or 137 in A or B score in NAs naïve patients; whereas there were 31 or 54 in A or B score in NAs treated group, according to the BCLC staging algorithm.
In NAs naïve or NAs treated groups, 394 out of 414 or 114 out of 118 CHB patients developed cirrhosis at the time of HCC diagnosed, respectively. The average level of serum AFP, ALT, AST or direct bilirubin from the NAs naïve group was 3.4-fold (p < 0.001), 1.4-fold (p < 0.001) 1.5-fold (p < 0.001) or 1.4-fold (p < 0.05) higher than that from the NAs treated group, respectively However, there was no significant different total bilirubin between NAs naïve or NAs treated patients. 
Overall survival in CHB-related HCC patients
All CHB-related HCC patients were followed-up the overall survival post HCC treatment. CHB-related HCC patients (n = 532) were divided into three groups: NAs naïve (n = 156), NAs post-HCC (n = 258) was referred as NAs initiated after HCC treatment; and sustained NAs group (n = 118) was referred as continuous NAs treatment prior to and post-HCC treatment ( Table 2 ). The median survival period in the NAs naïve, NAs post-HCC or sustained NAs group was 534, 874 or 1223 days, respectively (p < 0.05) ( Table 1 ). The overall survival in sustained NAs group was significantly higher than NAs post-HCC or NAs naïve groups (p < 0.05) (Figure 1 ). In addition, it was observed higher overall survival in NAs post-HCC group than NAs naïve group, although no significance (Figure 1 ). At the time of diagnosed HCC, 150 out of 156 NAs naïve patients were cirrhosis, but 244 out of 258 NAs post-HCC patients or 114 out of 118 sustained NAs patients were cirrhosis ( Table 2 ). The overall survival in the sustained NAs group was also significantly higher than the NAs naïve group in the cirrhotic patients (p < 0.05) ( Figure 2 ).
Among 532 CHB-related HCC patients, only 469 had exact HBV DNA records at the time of diagnosed HCC, who were further divided into low viral load group (HBV DNA < 10 4 copies/ml) (n = 243) and high viral load group (HBV DNA ≥ 10 4 copies/ml) (n = 226) ( Table 3 ). The mean age in low viral load or high viral load groups was 54 or 52, respectively. Female versus male were 213 out of 243 CHB-related HCC patients with low viral load or 205 out of 226 high viral load CHB-related HCC patients, respectively.
There were 54/243 or 79/226 CHB-related HCC patients with family history of HBV with low or high viral load group, respectively. At the time of HCC diagnosis, among 53/243 or 79/226 CHB-related HCC were HBeAg + with low or high viral load. The median survival in the CHB-related HCC patients with low or high viral load was 1144 or 496 days, respectively (P < 0.001) ( Table 3) . Thus the overall survival period of CHB-related HCC patients with low viral load was significantly longer than that with high viral load patients (p < 0.05) ( Figure 3A ).
There were 184 out of 243 low viral load CHBrelated HCC patients had NAs post-HCC treatment but only 59 patients didn't have NAs post-HCC treatment. Furthermore, there were 172 out of 226 high viral load CHB-related HCC patients had NAs post-HCC treatment, but 54 patients didn't have NAs post-HCC treatment (Table 3) . Interestingly, NAs post-HCC treatment improved the survival of both low and high viral load CHB-related HCC patients, compared to that without NAs (p < 0.05) ( Figure 3B and 3C ). 
Predictors for poor overall survival of CHBrelated HCC patients
DISCUSSION
Our current study demonstrated that NAs reduced severity and/or progression of CHB-related HCC patients significantly, according to BCLC score and the biochemical information. In addition, CHB and post-HCC treatment with NAs contributed to improve the survival period in CHB-related HCC patients.
Nearly one quarter of CHB-related HCC patients experienced NAs (118 out of 532). In addition, the majority (~80%) of patients were NA naïve prior to HCC diagnosis among these CHB-related HCC patients with HBV family history ( Table 1 ), suggesting that NAs were not routinely used in those CHB-related HCC patients in Ruijin Hospital, China. The guideline for CHB treatment focuses on using the antiviral therapy and other issues in 2016 [21] . Furthermore, the BCLC scores as well as ALT/ AST levels and viral load in NAs treated CHB-related HCC patients was significantly better than that NAs naïve, suggesting that NAs significantly reduced the severity of CHB-related HCC. Our data is supported by previous research that NAs treatment reduces the incidence of CHB-related HCC significantly [17, 22, 23] . It has been reported that reduced viral load (< 10 4 copies/ml) [24, 25] or pre-operational low viral load (< 10 4 copies/ml) [26] [27] [28] extends overall survival of CHB-related HCC patients. Our current findings further identify that the overall survival of CHB-related HCC patients with low viral load was significantly higher than these patients with high viral load at the time of HCC diagnosis.
Low viral load CHB-related HCC patients with NAs therapy following HCC treatment has therefore been identified to significantly improve survival period compared to patients without NAs. Such data is supported by the study of NAs on post-operative or liver transplantation prognosis of CHB-related HCC patients [24, 29, 30] . Our data showed that the overall survival of HBV related HCC patients with sustained NAs was substantially better than NAs imitated post-HCC or NAs naïve HCC patients. There was no significant different overall survival between NAs post-HCC and NAs naïve HCC patients. In addition, among HBV related HCC cirrhosis patients, the overall survival in the sustained NAs group was also significantly better than the NAs naïve group. Interestingly, multivariate analysis revealed advanced BCLC stage, post-HCC with or without NAs, serum AST ≥ 40 IU/L, HBV DNA ≥ 10 4 copies/ml were independent predictors for overall survival of HCC patients. Importantly, sustained NAs in CHB-related HCC patients retained independent prognosis power under the multivariate analysis. Limitations to this study include the restricted patient population range, specifically the CHB-related HCC patients from the Ruijin Hospital, Shanghai, China, were from relatively closed regional near Shanghai (eastern China). In future study we will collaborate with our colleagues from different regions in China, which will offer even more objective demographic. Second, options for HCC treatments were not taken into consideration, which we will analysis the influence among different NAs in reducing severity of CHB-related HCC. In addition, we will analyze the difference of survival between chemotherapy and surgery for CHB-related HCC patients.
Identification of the relationship between other aspects of method of treatment of HCC (e.g. surgery, other forms of chemotherapy) have not been analysed, due to the relative small numbers of the samples, which will be determined in future. Finally, we will determine the possible mechanism of HCC patients developed directly from CHB patients without cirrhosis.
In conclusion, NAs reduced substantially the severity of CHB-related HCC patients, despite a small number of NA treated CHB patients still developed into HCC. NAs significant extended survival period post-HCC treatment, which is supported by the study of NAs on post-operative or liver transplantation prognosis of CHBrelated HCC patients with low viral load HCC patients had a significant better prognosis than that with high viral load [31] . Survival period in CHB-related HCC patients with NAs sustained was extended significantly. 
MATERIALS AND METHODS
Patients and study design
Diagnosis
All suspected patients underwent laboratory examinations, including HBsAg, HBeAg, Anti-HCV, ALT, AST, total bilirubin, direct bilirubin and α-fetoprotein. Imaging procedures (abdominal ultrasonography, CT, MRI) were regularly performed to identify imaging evidence of HCC. Liver biopsy was performed in some of the patients to confirm the presence of HCC. The diagnosis of HCC was based on clinical, serological, radiological and/or histological evidence [32] . Barcelona Clinic Liver Cancer (BCLC) score [33] was applied for each patient at enrollment time to optimize therapeutic strategy and to predict prognosis.
Data collection
In this study, the basic information was collected, including sex, age at the same time of diagnosis HCC, family history of HBV and family history of HCC. The information of CHB-related HCC with NAs treatment at the CHB stage was critical. Dosage and treatment period of NAs were recorded in those CHB-related HCC patients. It was confirmed if there was cirrhosis at the same time of diagnosis HCC. Moreover, it was identified whether HCC patients with cirrhosis at the time of initial NAs for the HCC patients infected HBV. Cirrhosis was diagnosed according to liver biopsy or the portal hypertension, esophageal gastric varices, splenomegaly, ascites depending on the image diagnosis (abdominal ultrasonography, CT and MRI).
The laboratory data, identified at the same time of the patients diagnosed HCC, included: liver function tests (ALT/AST/ total bilirubin/direct bilirubin), a-fetoprotein (AFP), HBeAg and HBV DNA load. The level of AFP from HCC patients was divided into AFP < 400 ng/ml and AFP ≥ 400 ng/ml. The abnormal levels of the laboratory data were ALT <64 IU/L, AST < 40 IU/L, total bilirubin < 24 μmol/L and direct bilirubin < 6.8 μmol/L. We defined the HBV DNA levels of ≥ 10 4 copies/ml as high viral load and HBV DNA levels of < 10 4 copies/ml as low viral load, as described previously 12.
Follow-up
In this study, the follow-up information for 532 HCC patients included the overall survival and NAs post HCC treatment. The average of follow-up time was 211 days.
Statistics
Student's t test was used to compare the continuous variables with normal distributions. The variables without normal distributions were studied by the Wilcoxon signedrank test. Chi-square or Fisher's exact test was employed to study the categorical variables. The univariate analysis for different clinical factors associated with the poor overall survival of HCC patients were used the KaplanMeier statistics and Log-rank test. The Cox stepwise selection regression analysis was used to assess the impact of the different factors associated with the poor overall survival on the multivariate analysis. The variables with a p-value < 0.05 entered the Cox stepwise selection regression model at each step of the multivariate analysis, whereas the variables were removed from the model with the p-value > 0.05. The p-value < 0.05 was taken to be significant in all the other statistical. The SAS 9.4 software was used to perform the data analysis. The Figures were made using GraphPad Prism 5 software. Continuous variables with normal distributions expressed means and means of SD. Continuous variables without normal distributions are expressed as medians (range).
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